Introduction {#S0001}
============

Epithelial ovarian cancer was the most lethal gynecologic malignancy.[@CIT0001] Due to a lack of effective methods for early diagnosis and screening, most patients were diagnosed at an advanced stage, and the five-year survival rate was approximately 30%.[@CIT0002] EVs exist in many body fluids and contain a variety of genetic information from parental cells. EVs participate in the exchange of intercellular information and material.[@CIT0003] Tumor-derived EVs (TDE) were a liquid biopsy tissue and served as important noninvasive tumor biomarkers that could be used in the early diagnosis and treatment of cancer.[@CIT0004]

At present, commonly used methods for EV isolation depended on their physical properties, such as their density or size, and their chemical properties, including isolation through interactions of surface proteins of EVs.[@CIT0005],[@CIT0006] Ultracentrifugation (UC) was currently regarded as the gold standard for EV isolation. High-purity exosomes could be obtained, but this method had a low yield and was time-consuming.[@CIT0007]--[@CIT0010] Commercial kits had the advantages of quickly obtaining EVs and a high yield, but these methods were associated with low purity and high cost.[@CIT0011] Recently developed immunocapture methods could be used to isolate specific subgroups of EVs, but these methods also had a high cost.[@CIT0012] None of these methods were suitable to handle samples with large volumes. The precipitation method was suitable for a large sample size, and this method was simple, inexpensive and could obtain EVs with a high yield.[@CIT0013] However, the purity was low. To date, simple, high-purity and high-yield technology for EV isolation and extraction was still not available. Several researchers had combined two or more methods to obtain EVs.[@CIT0014],[@CIT0015] Ultrafiltration followed by size exclusion chromatography (UF-SEC) produced a high yield and EV-to-protein purity rate.[@CIT0014] However, the sepharose CL-4B matrix used in this method may impair the differentiation between EVs and high-density lipoprotein (HDL) due to its low size exclusion limit, and therefore this method might not be suitable for isolating EVs derived from plasma.

Integrins (ITGs), which belonged to a large family of cell adhesion receptors, consisted of two transmembrane glycoproteins (α and β subunits). ITGs played a key role in mediating bidirectional transmembrane signals.[@CIT0016],[@CIT0017] ITGαvβ1/αvβ3 could active TGF-β1 through binding to the arginine-glycine-aspartate sequence (Arg-Gly-Asp, RGD) at the carboxyl end of its inactive form. ITGαvβ1/αvβ3 played an important role in promoting cell proliferation and migration and inhibiting cell differentiation and anoikis.[@CIT0018]--[@CIT0020]

However, controversy existed regarding the relationship between ITGαvβ1/αvβ3 and ovarian cancer. Some studies[@CIT0021]--[@CIT0024] had found that high expression of ITGαvβ1 and αvβ3 might be related to the promotion of ovarian cancer. Other scholars[@CIT0025],[@CIT0026] had suggested that ITGαvβ3 might also be a suppressor gene that downregulates the invasive features of ovarian cancer cells.

ITGs were mainly expressed in the cell membrane, with low or no expression in the intercellular fluid.[@CIT0027],[@CIT0028] ITGs might be mediated by EVs through autocrine or paracrine pathways to transmit information between cells.[@CIT0029] However, the role of ITGαvβ1/αvβ3 in the formation of the ovarian cancer microenvironment mediated by EVs has not been reported.

In this study, we used the PPDU method to enrich EVs, which involved low-speed centrifugation, followed by a single small-volume UC purification step. The efficiency and effectiveness of this method in the extraction and enrichment of EVs derived from the culture supernatant of a human ovarian cancer cell line (A2780) and body fluids of patients with high-grade serous carcinoma (HGSC) were evaluated. The potential role of EV-mediated ITGαvβ1/αvβ3 expression in the diagnosis of ovarian cancer was also explored.

Materials and Methods {#S0002}
=====================

Cell Culture and the Supernatant Collection {#S0002-S2001}
-------------------------------------------

A-H/A-L, a pair of single-cell subclones with distinct invasive/migratory capacities, were isolated and established from the A2780 human ovarian cancer cell line using the limited dilution methodology performed in our previous study.[@CIT0021],[@CIT0030] (A2780 human ovarian cancer cell line was purchased from National Infrastructure of Cell Line Resource). Compared to A-L cells, the A-H cells exhibited significantly more aggressive phenotypes with respect to their biological functions in vitro and tumor formation in vivo. The A-H/A-L cell lines comprise an ideal model of tumor heterogeneity for ovarian cancer. The A-H/A-L cell lines were maintained in RPMI-1640 supplemented with 10% predepleted of EVs fetal bovine serum (FBS). (100,000x g ultracentrifugation of FBS for 18 hours). The cells were seeded in T75 culture flasks (Corning) and incubated in humidified air with 5% CO~2~ at 37°C. The cell culture supernatant was collected in a sterile bottle, totaling approximately 1000 mL, and stored in a freezer at −80°C until analysis.

Body Fluid Collection {#S0002-S2002}
---------------------

Ten patients diagnosed with HGSC and treated at Beijing Chao-Yang Hospital between March 2017 and March 2018 were included in this study. Ten patients with benign ovarian cysts were included in the control group. All patients provided written informed consent. Tubes containing EDTA (K2EDTA, 10 mL volume, Becton Dickinson) were used for blood sample collection. Fasting plasma samples were collected from donors. A 21-gauge needle was used for venipuncture of an antecubital vein after applying a light tourniquet. The blood collection tubes were gently inverted five times to mix anticoagulants with the blood. Centrifugation was performed within 1 h after venipuncture. The blood was centrifuged at 3000 rpm for 10 minutes at room temperature using a Thermo Scientific™ SL16 tabletop centrifuge. At least 500 μL of platelet-poor plasma (PPP) was left in the tube to minimize the contamination of the cells.[@CIT0031] Approximately 5 mL of supernatant was retained and packed in the EP tube. Two hundred milliliters of ascites or peritoneal lavage fluid was collected from ovarian tumor patients during surgery. Ascites from recurrent HGSC patients were collected during abdominal drainage. Heparin sodium (80 mg) was aseptically injected[@CIT0032] (0.4 mg/mL) to prevent platelet release from EVs caused by coagulation. The above specimens were stored at 4°C until differential separation. Separation was completed within 12 h after collection.

EVs Isolation and Purification {#S0002-S2003}
------------------------------

The PPDU process used for EV separation is as follows ([Figure 1](#F0001){ref-type="fig"}):Figure 1Flow chart for the EVs purification procedure based on 8% PEG6000 precipitation combined with differential ultracentrifugation (PPDU). The first stage is differential centrifugation. After each of the first three centrifugations, pellets (cells, dead cells, cell debris) are discarded. The second stage is PEG precipitation. The supernatant of previous procedure is kept for blending well with 8% PEG6000 over night. When washed by PBS, it goes to the next procedure. The third stage is super-centrifugation. In contrast, after the 110,000×g centrifugations, Precipitated pellets (EVs + contaminant proteins+ PEG) are kept, and supernatants are discarded. After PBS was fully mixed again, the vesicle particles containing small EVs were obtained by another round of ultra-centrifugation.**Note:** All centrifugation steps were conducted at 4°C.

Conditioned media harvested from A-H/A-L cell cultures and ascites from HGSC patients were first centrifuged for 10 minutes at 500 g. Plasma was centrifuged for 10 min at 850 g to remove cells and larger debris. The supernatant was then transferred to a new tube and centrifuged at 2000 x g for 10 min to remove cell debris and larger vesicles, such as apoptotic bodies. Large microvesicles were depleted by centrifugation at 10,000 x g for 30 min.

The supernatant of the previous procedure was mixed thoroughly with 8% PEG 6000 by inversion and incubated at 4°C overnight (at least 12 h). After the mixture was centrifuged at 10,000 x g for 30 min, the supernatant was discarded, and the precipitate (containing EVs, PEG and proteins) was diluted with 3--10 mL of phosphate-buffered saline (PBS) and fully mixed. The pellet was resuspended in PBS after centrifugation for 10--12 min at 10,000 x g, added to 13.2 mL polypropylene centrifuge tubes (Beckman Coulter, Inc. \#331372) and centrifuged at 110,000 x g (average relative centrifugal force) for 70 min in a Beckman LE-80K ultracentrifuge (Beckman Coulter, Inc.). Then, the precipitate was mixed with PBS and centrifuged again at 110,000 x g for 70 minutes. The pellet was resuspended in 300 µL of particle-free PBS followed by shaking on a Vortex Oscillator for 15 min at room temperature until the solution was transparent and free of all aggregates. The protein was quantified by the bicinchoninic acid (BCA) method and stored at −80°C until use. All centrifugation steps were conducted at 4°C.

Identification of EVs {#S0002-S2004}
---------------------

The morphology of EVs was observed by transmission electron microscopy (TEM). Approximately 30 μL of prepared EV solution was loaded onto a 2-mm diameter carbon-coated copper mesh and allowed to adsorb for 10 min before the excess fluid was drained. The samples were fixed with 10 μL of 2.5% glutaraldehyde for 5 min, washed once with distilled water, negatively stained with 1% uranium acetate and dried at room temperature for 20 min. Thereafter, the prepared EVs were observed under a transmission electron microscope (Hitachi, JEM-2100) at 160.0 kV, and images were captured by a digital camera.

Nanoparticle tracking analysis (NTA) was performed to determine particle size and concentration using a Nano Sight NS300 Instrument (Nano Sight, Malvine, UK) configured with a blue (488 nm) laser and a sCMOS camera. Samples (stored at −80°C) were thawed and gently vortexed before further dilution in sterile, particle-free PBS at a ratio of 1:500--1:16,000 to achieve particle concentrations consistent with the optimal analysis range of the software (between 2×10^8^ and 1.8×10^9^ particles per mL).[@CIT0033],[@CIT0034] PBS was tracked before each experiment to ensure that it was particle-free. Samples were manually mixed three times by aspirating and expelling the diluted particle suspension using a 1-mL syringe. Each sample was then injected into the specimen chamber. The camera shutter speed was fixed at 30 frames per second.

Western blots (WBs) were performed to detect the expression of CD9, CD63, and Alix (commonly used EV markers) and Calnexin (a negative EV marker) in EVs. Each assay was performed in triplicate. The images were semi-quantitatively analyzed using Image J software. The primary antibodies are listed in [[Table S1](https://www.dovepress.com/get_supplementary_file.php?f=228288.docx)]{.ul}.

1D SDS-PAGE and In-Gel Digestion and Nano-LC--ESI-MS/MS {#S0002-S2005}
-------------------------------------------------------

The purified EVs (30 μg) derived from the cell culture supernatant of A-H/A-L cells were subjected to 12% 1D SDS-PAGE. After bromophenol blue reached 2--3 cm into the resolving gel, the gel was stained with Coomassie brilliant blue. Each gel slice was destained with 200 μL of 50% acetonitrile (ACN) in 50 mM NH4HCO3, dehydrated with 50 μL of ACN, and dried. In-gel tryptic digestion was carried out overnight at 37°C using a 10 ng/μL solution of sequencing-grade trypsin (Promega, Madison, WI) in 50 mM ammonium bicarbonate, pH 8.0. Tryptic peptides resulting from the digestion were sequentially extracted with 5% formic acid/50% ACN and 0.1% formic acid/75% ACN. The tryptic peptides for each pooled sample were labeled using iTRAQ reagents (Applied Biosystems, Foster City, CA, USA) following the manufacturer's protocol. The peptides were separated with a Shimadzu LC-20AB HPLC Pump system coupled with a high-pH RP column.

The extracted peptides were resuspended in buffer A (2% ACN and 0.1% formic acid in water) and centrifuged at 20,000 g for 10 min. The supernatant was loaded onto a C18 trap column at a rate of 5 μL/min for 8 min using the autosampler of a LC-20AD nano-HPLC instrument (Shimadzu, Kyoto, Japan).The peptides separated by nanoHPLC were subjected to analysis with the tandem mass spectrometry Q EXACTIVE (Thermo Fisher Scientific, San Jose, CA) instrument for data-dependent acquisition (DDA) detection by nano-electrospray ionization.

Expression of ITGαV, β1, and β3 in the EVs Derived from Body Fluids of HGSC Patients {#S0002-S2006}
------------------------------------------------------------------------------------

The expression of ITGαV, β1, and β3 in EVs derived from plasma and ascites from HGSC patients and the control group was evaluated using WBs. The standard sample was an artificial parameter derived from EVs extracted from 10 mL of mixed plasma from 10 healthy controls. This standard sample was also used as an external reference for gel electrophoresis in the sample side lane to reduce exposure errors caused by external factors in gels run at different times. The gray value of each sample (including EVs from plasma and ascites) after exposure and detection was compared with that of the standard sample, and the ratios were statistically analyzed.

The study protocol was approved by the ethics committees of the Affiliated Beijing Chao-Yang Hospital of China, Capital Medical University. This study was performed in accordance with the ethical standards of the responsible committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008.

Statistical Analysis {#S0002-S2007}
--------------------

Descriptive statistics (mean±SD) were used for the assessments of continuous variables, and frequencies or percentages were used for categorical variables. For TEM, NTA, BCA and WB analyses, an independent samples *t* test or Pearson test was performed for data with a normal distribution, and a Mann--Whitney *U*-test or Spearman test was performed as a nonparametric test to compare data with a non-normal distribution. P values \<0.05 were considered to be statistically significant. All data were statistically analyzed with SPSS software version 22.0.

Results {#S0003}
=======

Clinical and Pathological Characteristics of Patients {#S0003-S2001}
-----------------------------------------------------

The clinical pathological parameters of 10 ovarian cancer patients included in this study are summarized in [Table 1](#T0001){ref-type="table"}. The age of the patients was 55.6±1.93 years. Seven patients had primary cancer, and the remaining 3 patients had recurrent cancer. Patients were staged according to the International Federation of Obstetrics and Gynecology (FIGO) 2013 staging standard.[@CIT0035] Stages I--II and stages III--IV were identified in 4 and 6 cases, respectively. The pathological type was HGSC in all patients. The serum CA125 level was above 35 IU/mL in 8 patients and higher than 1000 IU/mL in 3 patients. Lymph node metastasis was detected in 4 cases.Table 1The Clinicopathological Characteristics of These Patients with HGSCPatientAge at Initial DiagnosisInitial FIGO StagePrimary/RecurrentMethod Used to Obtain the Specimens of AscitesCA125 IU/mLLNMStatus at the Last Contact153II aPrimaryLaparoscope11−AWD246IVRecurrentAbdominal puncture2248.3+DOD361IVRecurrentAbdominal puncture468.4+DOD448IIIcRecurrentAbdominal puncture190.5+DOD554II bPrimaryLaparoscope131.3−DOD660II cPrimaryOpen-abdominal surgery6124.8−AWD765IIIcPrimaryOpen-abdominal surgery19.6−AWD858IVPrimaryOpen-abdominal surgery69.9−AWD953IVPrimaryOpen-abdominal surgery344.7+AWD1059IIIcPrimaryOpen-abdominal surgery1240.4+AWD[^2]

EVs Identification {#S0003-S2002}
------------------

Upon TEM examination, the sizes of the EVs ranged from 30 to 260 nm. The mean sizes of EVs derived from cell culture supernatant and patient plasma and ascites were not statistically different. The typical appearance of the EVs was spherical or cup-shaped, and a clear bilayer plasma membrane structure was observed ([Figure 2A](#F0002){ref-type="fig"}).Figure 2(**A**) TEM images of EVs derived from cell culture supernatant of A-H/A-L and body fluids of HGSC patients and control group. The sizes of the EVs ranged from 30 to 260 nm. The EVs evenly distributed in the field of vision. Structure of bilayer lipid membranes and typical "cup-shape" morphologies. (**B**) Sizes and size distributions of EVs as analyzed by NTA. EVs of A-H (A2780 Subclones with high invasive capacity) and A-L (A2780 Subclones with low invasive capacity) derived from cell culture supernatant 1000mL respectively; EVs of OA (Ascites of patients with HGSC) and CA (Ascites or peritoneal lavage fluids of control group) derived from patients' ascites or peritoneal lavage fluids 200mL respectively; EVs of OP (Plasm of patients with HGSC) and CP (Plasm of control group) derived from patients' plasm 5mL respectively. The mean sizes and peak sizes of EVs derived from different specimens were not significantly different (all P\>0.05). (**C**) Among all the samples of EVs identified by WB, CD9, CD63 and Alix were positively expressed, Calnexin was negatively expressed. (**D**) Comparison of protein content of EVs from OP/CP/OA/CA by BCA. \*\*\*P \< 0.001, \*\*\*\*P \< 0.0001.

Under NTA, the peak sizes of EVs from A-H and A-L cells were 107.2±30.9 nm and 114.6±43 nm. The peak sizes of EVs from ascites of HGSC patients (OA), plasma of HGSC patients (OP), ascites or peritoneal lavage fluids from the control group (CA), and plasma of the control group (CP) were 100.1±30.1 nm, 128.6±19.2 nm, 115.2±21.9 nm and 128±19.8 nm, respectively. Similarly, EVs derived from different specimens did not significantly differ in mean size (all P\>0.05, [Table 2](#T0002){ref-type="table"}). The mode curve was linear and smooth in the NTA test report ([Figure 2B](#F0002){ref-type="fig"}).Table 2The P value of Mean Size and Peak Size of EVs Derived from the Culture Supernatant of A-H/A-L and Body Fluids of Patients with HGSC and Control Group by NTANTA (nm) Mean SizeP valueNTA (nm) Peak SizeP valuevs A-Hvs A-Lvs OAvs OPvs CAvs A-Hvs A-Lvs OAvs OPvs CA**A-H**102.7±31107.2±31**A-L**132.1±430.218114.6±430.524**OA**109.±240.4220.502100.1±300.9740.540**OP**96.7± 300.9230.2650.513128.6±190.1050.4870.109**CA**106.0±140.6400.4470.8340.717115.2±220.5120.8690.5320.194**CP**112.9±340.4790.5440.9910.5570.844128±200.1520.5500.1580.9410.292

The protein content of the EVs from the OA group was 2.9781±0.9616 μg/μL, which was significantly higher than that of the OP, CA, and CP groups (all P\<0.0001). The protein content of EVs from ascites was significantly higher than that from plasma (P\<0.0001). The protein content of EVs from the OP group was significantly higher than that from the CA and CP groups (P=0.001, P\<0.0001). The protein content of EVs from the CA group was significantly higher than that from the Cp group (P\<0.0001; [Table 3](#T0003){ref-type="table"}, [Figure 2D](#F0002){ref-type="fig"})Table 3The Results of Different Identification Methods of EVs Derived from the Culture Supernatant of A-H/A-L and Body Fluids of Patients with HGSC and Control GroupCatalog NumberA-HA-LOAOPCACP**Mean size (nm)** **TEM**53±2265±2088±1955±2780±2159±17 **NTA**109.3±30.9120.5±34.2103.9.±30.1139.5± 68.5139.5±43.1132.1±34.2**Peak size (nm)** **NTA**107.2±30.9114.6±43100.1±30.1128.6±19.2115.2±21.9128±19.8 **BCA μg/μL**0.32±0.015420.27±0.010122.9781±0.96160.7018±0.038910.4501±0.04350.1163±0.0172[^3]

CD9, CD63 and Alix were positively expressed, and Calnexin was negative by WB analysis for the six types of EVs ([Figure 2C](#F0002){ref-type="fig"}).

Quality of EV Proteins Derived from A-H and A-L Cells Detected by Protein Mass Spectrometry {#S0003-S2003}
-------------------------------------------------------------------------------------------

EV samples (300 µL) were separately extracted from 1000 mL of A-H/A-L cell culture supernatant, and the protein concentrations were 0.36 µg/µL and 0.20 µg/µL, respectively. The total protein amounts obtained from 300 μL of EVs were 108.02 µg and 61.44 µg, respectively. To determine the protein profile of A-H/A-L cell-derived EVs, total EV proteins were separated by 1D SDS-PAGE on a 12% gel, which was then sliced into 4 bands. After each band was cut into pieces and subjected to trypsin digestion in 1.5 mL Eppendorf tubes overnight, the extracted peptides were analyzed by nano-LC-MS/MS.

For ITRAQ quantification, two EVs' samples of A-H and A-L cells were analyzed. In total, 282,333 spectrums were generated, and 2397 peptides and 952 proteins were identified with a 1% false discovery rate (FDR). According to a fold change of ≥1.2 or ≤0.8 and a Q-value \<0.05, a total of 831 non-differentially expressed proteins were identified. ([Table 4](#T0004){ref-type="table"})Table 4Quality Evaluation of A-H/A-L EVs Protein by Mass SpectrometrySampleConcentration (μg/μL)Volume (μL)Total Protein (μg)Glue Chart IntegrityIs There Peak Degree**A-H**0.36300108.02WellNo**A-L**0.2030061.44WellNo**Control (Mouse liver)**17.925008958.99WellNo

Expression of ITGαV, β1, and β3 in EVs Derived from Body Fluids of HGSC Patients {#S0003-S2004}
--------------------------------------------------------------------------------

The expression of ITGαV, β1 and β3 in the EVs of plasma and ascites from patients with HGSC was significantly upregulated compared to the control group (plasma: P\<0.0001, \<0.0001, and \<0.0001; ascites: P=0.036, 0.001 and 0.004, respectively; [Figure 3A](#F0003){ref-type="fig"}--F). In addition, the expression of ITGαV and β1 in EVs derived from ascites from HGSC patients was significantly higher than that in EVs derived from plasma (P=0.004, \<0.001, respectively; [Figure 3G](#F0003){ref-type="fig"} and H). The expression of ITGβ3 was also slightly elevated in EVs-derived ascites of HGSC patients. (P=0.492; [Figure 3I](#F0003){ref-type="fig"}).Figure 3ITGαV, ITGβ1 and ITGβ3 were positively expressed in WB of EVs derived from A-H/A-L/OA/OP/CA/CP. The expression of ITGαV, ITGβ1 and ITGβ3 in the EVs of plasma and ascites from patients with HGSC was significantly upregulated, compared to the control group (**A**--**F**). In addition, the expression of ITGαV and ITGβ1 in EVs derived from HGSC patients' ascites was significantly higher than that derived from plasma (**G** and **H**).There was no significant difference in the expression of ITGβ3 in ascites and plasma of HGSC patients (**I**). \*\*P \< 0.01; \*\*\*\*P \< 0.0001.

Discussion {#S0004}
==========

Pan[@CIT0036] and Harding[@CIT0037] first reported vesicles in sheep reticulocytes and rat reticulocytes in 1983. EVs are considered to restore the dynamic and steady-state conditions of cells by discarding excessive or harmful molecules.[@CIT0038] In recent years, EVs have been shown to exhibit a variety of biological functions through intercellular communication, the endosomal membrane, the endocytosis pathway or ligand receptor interactions,[@CIT0039],[@CIT0040] such as inflammation,[@CIT0041] immunoregulation,[@CIT0042] tissue regeneration,[@CIT0043] aging and cancer-related functions.[@CIT0044]

In this study, the PPDU method was used to enrich and purify EVs derived from the supernatant of A-H and A-L cell lines and the plasma and ascites of HGSC patients. Typical EVs structures, such as round, cup-shaped and direct double-layer plasma membrane nanoparticles, were observed by TEM. The mean size of the EVs in samples uniformly ranged from 31 to 85 nm. The visual background was clear with few impurities according to TEM observation. The NTA results showed that the peak particle diameter of samples ranged from 76 nm to 171 nm. Some researchers[@CIT0045],[@CIT0046] have suggested that cup-shaped EVs are artifacts of the fixation step of the negative staining technique. NTA does not involve the use of fixatives, which allowed the studied vesicles to retain their natural shape. Therefore, the average particle size evaluated by NTA was larger than that evaluated by TEM, which is consistent with our findings in this analysis.

EVs were assessed for three classical EV protein markers[@CIT0047] (CD63, CD9, and Alix) and one non-EV marker (calnexin) to demonstrate EV purity. Calnexin[@CIT0048],[@CIT0049] is a protein that is associated with the endoplasmic reticulum and can be released by cells suffering mechanical damage (ie, during tissue preparation). All EV samples, including EVs isolated from HGSC patients and the control group as well as EVs derived from cell culture supernatant, were positive for CD63, CD9 and Alix, indicating the presence of EV proteins. Furthermore, all of the samples were negative for calnexin.

The protein concentrations of samples extracted from A-H/A-L cell culture supernatant were 0.36 μg/μL and 0.20 μg/μL, respectively. The total amounts of EV protein obtained were 108.02 μg and 61.44 μg, respectively. A total of 952 proteins were identified by ITRAQ quantification. The high overlap of proteins between EVs from A-H and A-L cell lines suggested that a satisfactory concentration and purity of EV protein can be obtained by PPDU. A satisfactory protein concentration can also be obtained with the PPDU method when isolating and purifying EVs from the body fluid of HGSC patients. These data suggested that PPDU was a reproducible and practical method for EV isolation.

High levels of EVs were found in the body fluids of patients with ovarian cancer.[@CIT0050],[@CIT0051] Andrel[@CIT0052] and Peng[@CIT0053] detected the signal of Her2/neu and CA125 signals on the surface of EVs from ovarian cancer patients by WB and Immunoelectron-microscopy. ITGs may transfer information between cells by means of autocrine or paracrine EVs secretion.[@CIT0054] ITGαVβ3 was significantly upregulated in serum-derived EVs of prostate cancer patients.[@CIT0055] ITGαVβ3 could act on β3-negative receptor cells in a paracrine manner.

The expression of ITGβ1/β3 in ovarian cancer is still controversial. ITGβ[@CIT0021],[@CIT0022] and ITGβ3[@CIT0023],[@CIT0024] were highly expressed in ovarian cancer tissues. These data indicated that upregulation of ITGαVβ1/αVβ3 increased the risk of ovarian cancer. However, Chen et al[@CIT0025] demonstrated that ITGαVβ3 levels were low in the highly invasive cell subpopulation of ovarian cancer, with decreased expression of E-cadherin. The authors' explanation for this paradox was the tumor heterogeneity of ovarian cancer. In this analysis, the expression of ITGαVβ1/αVβ3 in EVs derived from plasma and ascites of HGSC patients was significantly higher than that of the control group. In addition, the expression of ITGαVβ1/αVβ3 tends to be increased in ascites compared to the plasma of patients. The specific molecular mechanism of ITGαVβ1/αVβ3 in the development of ovarian cancer necessitates further evaluation.

Conclusion {#S0005}
==========

PPDU was an efficient and practical method to enrich EVs from body fluids and cell culture supernatant. The characteristic expression of ITGαV, β1 and β3 in ascites and plasma EVs of patients with HGSC provided useful information on the development of EVs in HGSC.
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